The purpose of this article is to present an acceptance sampling plan based on cumulative count of conforming using minimum angle method. In this plan, if the number of inspected items until rth defective items is greater than an upper control threshold then lot is accepted and if it is less than a lower control threshold then the lot is rejected and if it is between control thresholds, process of inspecting the items continues. To design this model, we considered some important concepts like number of inspected items until rth nonconforming item in inspection, first and second type of error, average number inspected (ANI), AQL and LQL. Also derivative of ANI function in point AQL is used for optimization. The objective function of this model was constructed based on minimum angle method. Also a comparison study is carried out to evaluate the performance of proposed methodology in 50 different data sets.
Introduction
Acceptance sampling plan is a statistical quality control technique. In such plans, a sample is taken from a lot and the lot will either be rejected or accepted or inspection continues upon the results of the sample taken. The purpose of acceptance sampling plan is to determine the quality level of an incoming lot or the end production and also ensure that the quality level of the lot satisfies the predetermined requirement. Many types of acceptance sampling plans have been proposed. One approach to design acceptance sampling plans is minimum angle method (Fallahnezhad 2012) . In this research, a new acceptance sampling plan is developed based on minimum angle method using cumulative conforming run length. This idea is based on the concept of cumulative conforming control charts. Design of cumulative conforming control charts is a favorable issue for many authors.
Cumulative conforming control charts (CCC-charts) usually are constructed by using geometric and negative binomial variables (Chan et al. 2002) . Calvin (1983) presented a control chart by using runlength of successive conforming items. Goh (1987) presented a method to control the production with low-nonconformity by (CCC-charts). Lai (1997) proposed a discrete time renewal event process when a success is preceded by a failure and introduced modified CCC-chart. Also he calculated ANI (average number inspected) and other indicators for this modified chart. Some authors also refer CCC-charts as CRL-type (conforming run length) control charts or SCRL (sum of CRL) chart (Wu et al., 2001 ). A CCC-chart which is based on number of inspected items until detection of rth defective item is called CCCr-charts. Calvin (1983) , Goh (1987) , Xie and Goh (1992) and many other authors have applied CCC1-charts. Chan et al. (2002) denoted that CCCr chart is more reliable than CCC1 chart but it takes more time and inspection items than CCC1 charts for detecting change in fraction of non-conforming. He also presented a two-stage decision procedure for monitoring processes with low fraction of nonconforming and introduced CCC1+  chart for this purpose and presented an economical model for minimizing total cost of the system. Bucchianico et al. (2005) presented a case study for monitoring the packing process in coffee production based on choosing optimal value of r when using CCCr charts. Aslo Bourk (1991) has applied the concept of conforming run length in designing the acceptance sampling plans. In this research, we used Markov model in designing the sampling plan based on the concept of conforming run length. An absorbing Markov model is developed for this sampling system (Bowling et al, 2004) . In this subject, developed a Markov model based on sum of run-lengths of successive conforming items.
Fallahnezhad and Niaki (2013) proposed a sampling plan using Markov model based on control threshold policy. They considered the run-lengths of successive conforming items as a measure for process performance. Fallahnezhad et al. (2012) proposed an economical model for sampling based on decision tree. Fallahnezhad and Hosseininasab (2011) proposed a one stage economical acceptance sampling model based on the control threshold policy. In our sampling plan we used the concept of minimum angle method that its purpose is to reach ideal OC curve in order to decrease the risk of sampling plan. Bush et al. (1953) analyzed the sampling systems by comparing operation characteristic (OC) curve against the ideal OC curve. His study was a motivation for constructing the concept of minimum angle method. Soundararajan and Christina (1997) proposed a method for the selection of optimal single stage sampling plans based on the minimum angle method. They were first authors who used minimum angle method for designing a sampling plan. But little studies have been done on designing a sampling plan based on minimum angle method. Soundararajan and Christina The model has been solved for 4 scenarios in the cases r=1 or r=2 or r=3 by using visual basic 6 in Microsoft excel 2013. Then the optimal solutions have been collected and analyzed in order to determine which one of these sampling plans is more desirable in practical environment. The rest of the paper is organized as follows. We present the model in Section 2. A case study is solved in Section 3. Section 4 provides a sensitivity analysis for illustrating the effect of different parameters on the objective function. In section 5, a comparison study is carried out in 50 different data sets. The transition probability matrix is as follows (Fallahnezhad 2012 ), 
Model Development
where Q is transition probability matrix among non-absorbing states and R is the matrix containing probabilities of going from non-absorbing states to absorbing states and A is an identity matrix and O is matrix of zeros. Thus following matrix is obtained (Fallahnezhad 2012 ), The fundamental matrix M can be determined as follows (Bowling et al 2004) :
where I is the identity matrix. 
where     12 13 , f p f p denote the probabilities of accepting and rejecting the lot, respectively.
The objective function of this model is written by using minimum angle method. In this approach, our goal is to maximize the value of 
The objective function in minimum angle method is as follows, (Fallahnezhad 2012 )
An important performance measure of sampling plans is the average number inspected (ANI). Since sampling and inspecting has cost, therefore designs with minimum ANI are preferred. Therefore we try to consider the ANI in constraint of optimization model so that its value does not get more that a control threshold. (13) It is very important that acceptance sampling plans satisfy the constraints of first and second type errors. These two types of errors are important performance measure of acceptance sampling plans.
First type error probability is the probability of rejecting an acceptable lot and Second type error probability is the probability of accepting an unacceptable lot. So we have included these two concepts as the constraints of optimization model. 
()
where  is the value of first type error probability and  value of second type error probability.
According to the ANI graph, when the percentage of the defectives in lot is equal to the AQL, the ideal is that the derivation of the function at this point be equal to zero, or in other words, reaches its minimum value. We try to consider this concept as a constraint and examine its impact on the optimal solution of the model. The first derivative of ANI function is written as follows (Chen, 2013),
We considered upper and lower limits for derivative of ANI when the percentage of the defective in lot is equal to AQL in order to apply this constraint in the model. Since AQL is an important parameter in decision making about the lot thus this value is selected as reference value in constraint of ANI derivative. It is obvious that lower limit is negative and upper limit is positive. As much as the interval of these limits would be tighter then it will be closer to zero that is more favorable for us. This constraint is obtained as follows,
where 1 2 ,  are lower and upper limits for the first derivation of ANI function, respectively. Now the optimization problem can be defined as follows, 1 2 , . 
Case Study
A case study is solved using Visual basic codes in Microsoft excel 2013 in order to demonstrate the application of the proposed methodology in designing acceptance sampling models. The following example is intended to provide illustrations about application of the model in a juice factory. The quality engineer tries to design an acceptance sampling plan for accepting or rejecting an incoming lot received from suppliers. The values of AQL, LQL and other important parameters are specified as required quality standards by both sides (consumer and producer). In the cases that required sample size is limited then we can easily consider this limitation in the constraints of the model. It is observed that ANI of proposed method is large for r=3, 4… but when small sample size is an important criterion, we may apply r=1, 2 for sampling system. It is obvious that optimal solution of optimization model for r=1 or r=2 with tighter intervals for ANI function would result in smaller values for required number of inspected items.
Sensitivity Analysis
In this section, a sensitivity analysis is done for illustrating the effect of different parameters on the results of the model. This model was solved in several scenarios with different assumptions. Table (2) shows the input parameters of different scenarios. Each scenario is solved in the cases, r=1, r=2 and r=3 and the number of feasible solutions are summarized in Table 3 . As can be seen in Table 2 , the number of feasible solutions for each scenario is not the same in cases, r=1, r=2 and r=3. For example, case r=1 will not have any feasible solutions in Scenario 3 and 4. Also case r=3 will not have any feasible solutions in Scenario 3. Table (4) shows the optimal solution of the model for each scenario. According to Table (4), the case r=3 will be optimal in most of the scenarios and case r=2 will be optimal in scenario 3. Since we saw that the model could not find any feasible solution in case r=3 for scenarios 3 thus this result was justified. Also the case r=1 has not been optimal in any of the scenarios. So we can say that the case r=3 is suitable for practical real world problems. But since we have not investigated the cases with the values of r>3, this is suggested as future studies but in general, it seems that the value of r>4 need so much more inspections and may not be feasible as can be seen in Table ( 3), where the number of feasible solution has decreased significantly by changing r=2 to r=3.
The first derivative of ANI function is included in the model to minimize the number of inspected items. It is needed to analyze the effect of lower limit and upper limit for first derivative of ANI function in order to investigate the behavior of optimal solution by changing them. It is obvious that when the first derivative of a convex function at a point is zero then that point is minimum value of a convex function. Thus considering negative and positive bounds for first derivative is logical which results in finding near optimal solution. We used this concept for monitoring the ANI value by calculating its first derivative. Then we defined an interval for the first derivative of ANI ( The results shows that when we consider 50 different scenarios of parameters are randomly generated by uniform distribution. The results are summarized in Table (7) .
According to Table (7), proposed method has better value of objective function in 28% of cases but proposed model is worse than traditional method in 14% of cases and for the rest of the cases, the objective function of these two methods are equal.
The results shows that since proposed model has more constraints than the traditional single stage sampling method but it has better value for objective function in 28% of cases and both methods have equal objective function in 58% of cases. Also in most of cases, () ANI LQL in the proposed model is less value than the sample size, n in the traditional method but () ANI AQL of proposed model is often more than sample size, n in the traditional method. Thus we can assume tighter intervals for constraint regarding () ANI AQL in order to decrease the average number of inspected items. In general, the results show the advantages of proposed methodology over existing methods and this model can be efficiently applied in practical environment.
Conclusion
In this paper, we proposed a general nonlinear model for acceptance sampling based on cumulative count of conforming using minimum angle method. Number of inspected items until rth defective items was selected as criteria for decision making. We presented our model using Markov model and derivative of ANI (average number inspected) in AQL point to ensure that ANI chart behavior is in desired level. It's ideal that the derivative of ANI in AQL point to be equal zero in order to ensure that as future studies but in general, it seems that the value of r>4 needs so much more inspections and it may not be feasible. As can be seen in Table 3 , the number of feasible solution has decreased significantly by changing r=2 to r=3. For analyzing the behavior of proposed model in different data sets, we solved the model for 50 different random scenarios and also we compared the results with traditional single sampling method. The results show that the proposed model has better performance. 
